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background: Glomerular filtration rate (GFR) is used in the calculation of carboplatin dose. Glomerular filtration rate is measured 
using a radioisotope method (radionuclide GFR (rGFR)), however, estimation equations are available (estimated GFR (eGFR)). Our 
aim was to assess the accuracy of three eGFR equations and the subsequent carboplatin dose in an oncology population. 
patients and methods: Patients referred for an rGFR over a 3-year period were selected; eGFR was calculated using the Modification 
of Diet in Renal Disease (MDRD), Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) and Cockcroft-Gault (CG) 
equations. Carboplatin doses were calculated for those patients who had received carboplatin chemotherapy. Bias, precision and 
accuracy were examined. 

results: Two hundred and eighty-eight studies met the inclusion/exclusion criteria. Paired t-tests showed significant differences for all 
three equations between rGFR and eGFR with biases of 1 2.3 (MDRD), 1 3.6 (CKD-EPI) and 7.7 ml min~ 1 per 1 .73 m 2 (CG). An over- 
estimation in carboplatin dose was seen in 81%, 87% and 66% of studies using the MDRD, CKD-EPI and CG equations, respectively. 
conclusion: The MDRD and CKD-EPI equations performed poorly compared with the reference standard rGFR; the CG equation 
showed smaller bias and higher accuracy in our oncology population. On the basis of our results we recommend that the rGFR 
should be used for accurate carboplatin chemotherapy dosing and where unavailable the use of the CG equation is preferred. 
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Carboplatin is an alkylating chemotherapy agent (Souhami and 
Tobias, 2005) belonging to the group of platinum cytotoxics and is 
mainly used not only in combination with other cytotoxic drugs 
but also as a single agent to treat common malignancies, such as 
lung cancer, gynaecological, gastrointestinal, urological cancers, 
and many other cancers including curative malignancies, such as 
Hodgkin's and non-Hodgkin's lymphomas. Myelosuppression is 
carboplatin's dose-limiting toxicity and the pre-treatment renal 
function affects the severity of this. The renal clearance of 
carboplatin is closely related to the glomerular filtration rate 
(GFR) and to this end the dose is adjusted using the GFR in the 
Calvert formula (Calvert et al, 1989). 

The Calvert formula was developed using 51 Cr-EDTA as the GFR 
measurement method, but equations may be applied to calculate 
an estimated GFR (eGFR). The National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative (K/DOQI) (National 
Kidney Foundation, 2002) recommends the use of the eGFR along 
with markers of kidney damage for staging chronic kidney disease 
(CKD). These estimation equations are now commonly used in 
clinical practice for various clinical applications (Lamb et al, 2005; 
Thomsen, 2007; Craig et al, 2011; National Kidney Disease 
Education Program, 2012). 
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The eGFR is an estimate of the GFR using a combination of 
variables such as serum creatinine, gender, age, weight and ethnicity, 
and offers the advantage of being a cheaper, easier and faster 
alternative to the 51 Cr-EDTA. There are several estimation equations 
available for clinical use. The MDRD eGFR equation was introduced 
by the Modification of Diet in Renal Disease study group in 1999 
(Levey et al, 1999, 2000) and re-expressed for use with standardised 
serum creatinine values in 2005 (Levey et al, 2005, 2006). It was 
derived based on a patient group with CKD and is recommended by 
K/DOQI (National Kidney Foundation, 2002) and the UK Guidelines 
for CKD (National Collaborating Centre for Chronic Conditions, 
2008) for classifying CKD. The Chronic Kidney Disease Epidemiol- 
ogy Collaboration (CKD-EPI) eGFR formula was developed in 2009 
(Levey et al, 2009; Stevens et al, 2010) to be more accurate than the 
MDRD equation for a GFR >60mlmin _1 per 1.73 m 2 . The 
Cockcroft-Gault (CG) equation has been in use in clinical practise 
for many years (Cockcroft and Gault, 1976; Rostoker et al, 2007) and 
is often used when prescribing anticancer drugs, although in our 
cancer centre at St George's it is more commonly used between 
chemotherapy cycles for monitoring renal function. 

At our cancer centre it is standard to use 51 Cr-EDTA as the 
baseline renal function measurement before the start of chemo- 
therapy, especially when using carboplatin. There are centres 
(Hematology/Oncology Pharmacy association, 2010) that are using 
estimation equations such as the MDRD equation for calculating 
carboplatin doses. The CG equation is widely used for calculating 
carboplatin doses. 
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There have been few studies investigating the use of estimation 
equations in oncology patients (De Lemos et al, 2006; Seronie- 
Vivien et al, 2006; Barry et al, 2009; Shord et al, 2009; Jennings 
et al, 2010; Redal-Baigorri et al, 2011; Ainsworth et al, 2012). Some 
of these studies investigated the use of the MDRD and CG 
equations to calculate the carboplatin dosage (De Lemos et al, 
2006; Barry et al, 2009; Shord et al, 2009; Ainsworth et al, 2012) 
and other non-carboplatin chemotherapy agents (Jennings et al, 
2010). None of these studies have investigated the use of the CKD- 
EPI equation in calculating carboplatin dosing compared with 
51 Cr-EDTA as the gold standard. In this single-centre analysis of 
retrospective data, we have compared the GFR results from the 
51 Cr-EDTA with those calculated from the MDRD, CKD-EPI and 
CG equations in oncology patients treated for a wide range of 
cancer types. The carboplatin doses calculated from the radio- 
nuclide GFR (rGFR) and the eGFR equations were then compared. 



PATIENTS AND METHODS 

This study was approved by our local Research Office as clinical 
audit and informed consent was waived due to the retrospective 
nature of the study. 



Subjects 

Records of all patients referred for an rGFR between September 
2005 and September 2008 were reviewed retrospectively, in total 
1352 studies. 

Inclusion criteria were as follows: patients referred from 
Oncology who were treated with chemotherapy following their 
rGFR (if multiple studies were available for the same patient the 
first was chosen); serum creatinine measurement within 7 days of 
the rGFR; serum creatinine of 60 /rniol 1 ~ 1 and over; and patients 
aged over 20 years (the corrected GFR ranges for adults start at 20 
years (Fleming et al, 2004)). 

Exclusion criteria were as follows: patients with missing 
information and patients with a creatinine level of under 
60/imoll -1 , which is the lower limit of our laboratory normal 
range. The Food and Drugs Administration released guidance 
(Food and Drug Administration, 2012) on the use of isotope 
dilution mass spectrometry (IDMS) standardised serum creatinine 
values for calculating carboplatin doses as they appeared to 
underestimate low serum creatinine values compared with older 
methods - they recommended the capping of doses for low serum 
creatinine values. To avoid any dose capping or rounding of serum 
creatinine values, we have excluded these low serum creatinine 
values ( < 60 /imol 1 ~ *) from our study. 



rGFR measurement and eGFR calculation 

51 Cr-EDTA (3MBq) was administered by intravenous injection 
and plasma samples taken at approximately 120 and 240 min 
post-injection. Plasma samples were counted in a Wallac Wizard 



1480 automatic gamma counter (Wallac, Turku, Finland) for 600 s 
per sample. 

The rGFR was calculated using the slope-intercept method, ,as 
recommended by the UK national guidelines (Fleming et al, 2004) 
with the Brochner-Mortensen correction (Brochner-Mortensen, 
1972). The Haycock formula was used for body surface area (BSA) 
estimation for all studies to allow the calculation of the corrected 
rGFR and the absolute rGFR. The kinetic Jaffe method, which is 
calibrated against IDMS values, was used for measuring the serum 
creatinine for all studies. The eGFR were calculated for all patients 
using the four-variable MDRD equation (Levey et al, 1999, 2000, 
2005, 2006), the CKD-EPI equation (Levey et al, 2009; Stevens et al, 
2010) and the modified CG equation (Cockcroft and Gault, 1976; 
Rostoker et al, 2007) to calculate BSA corrected eGFR values 
(Table 1). 

The patients were split into two groups - those who received 
carboplatin chemotherapy and those who received non-carboplatin- 
based chemotherapy. For those who had received carboplatin 
chemotherapy the dosing was calculated using the Calvert formula 
(Calvert et al, 1989) (Table 1). The eGFR values were BSA corrected to 
get absolute values for use in the Calvert equation. It is normal 
practice to round the carboplatin dose to account for the degree of 
accuracy possible with ampoules and vials (Plumridge and Sewell, 
2001), at our cancer centre doses are rounded up to the nearest 10 mg. 



Statistical analysis 

The rGFR results were plotted against the eGFR results and least 
squares linear regression performed to calculate R 2 . Bland- Altman 
analysis (Bland and Altman, 1986) was performed for the rGFR vs 
the eGFR. The means ± s.d. were given and paired f-tests were 
carried out. The bias was given as the mean difference between the 
eGFR and rGFR values and the precision as the s.d. of the 
differences. The biases were also calculated over four rGFR ranges: 



1.73 m z , 30-59 ml min 
2 and ^ 90 ml min" 



1 per 1.73 rri 
1 per 1.73 m 2 



< 30 ml min ~ 1 per 

60-89 ml min -1 per 1.73 m z , and ^90mlmin _i per 1.73 m z . A 
P- value of <0.05 was considered statistically significant. The 
maximum differences between the rGFR and eGFR were examined. 
Accuracy was described as the number of studies within 10, 30 and 
50% of the rGFR values. 

For carboplatin dosing, the means and range for each GFR 
method were investigated and Bland-Altman analysis was per- 
formed. The accuracy was examined as the number of studies 
within 5, 10, 20, 30 and 50% of that calculated from the rGFR 
values. All statistical analyses were performed using Analyse-it for 
Microsoft Excel (2008). 



RESULTS 

Study demographics 

Applying the study criteria resulted in 288 rGFR studies, 24% of 
the patients were inpatients. The range of corrected rGFR values 



Table 



Equations used for calculation of eGFR and carboplatin dosing 



MDRD 


eGFR (ml min" 1 per 1.73 m 2 ) = 


1 75 x SCr " 1 ' 1 54 x A " a203 x 0 .742 (if female) x 1 . 2 1 2 (if black) 


CKD-EPI 


{eGFR (ml min" 1 per 1.73 m 2 ) = 


= 141 xmin(SCr/7c, 1 ) a x max(SCr//c, 1 ) " 1 209 x0.993 A s e x 1 .0 1 8 (if female) x 1 . 1 59 (if black) 


Modified CG 


eGFR (ml min " 1 per 1 . 73 m 2 ) = 


«S^x 1^x0.85 (if female) 


Calvert 


Dose (mg) = AUC(mg ml" 1 min 


)x[GFR(ml min" 1 ) +25] 



Abbreviations: A = age; AUC = prescribed area under curve; a = — 0.329 for females, — 0.4 1 I for males; BSA = body surface area (m ); eGFR = estimated glomerular filtration 
rate; k = 0.7 for females, 0.9 for males; max = maximum of SCr/zc or I; min = minimum of SCr/zc or I; SCr = serum creatinine (mgdP '); weight = patient weight (kg). 
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Table 2 Study demographics and clinical data 



Study data 
Range (mean ± s.d.) 



Male: female (%) 




56:44 


Age range at rGFR measurement (years) 




21-93 (66 ± 12) 


Weight (ks) 




31-131 (72+ 17) 


Height (cm) 




143-196 (169 + 10) 


BSA (m ) 




1.1-2.6 (1.8 + 0.3) 


BMI 




1 3-45 (25 + 5) 


Serum creatinine (jumoll - ') 




60-637 (89 + 48) 


rGFR (mlmin" 1 per 1.73 m 2 ) 




5-128 (63 + 20) 


MDRD eGFR (ml min " 1 per 1 .73 m 2 ) 




8-149 (76 + 23) 


CKD-EPI eGFR (mlmin" 1 per 1.73m 2 ) 




7-138 (77 + 23) 


CG eGFR (ml min " 1 per 1 .73 m 2 ) 




9-153 (71 +24) 


Days between rGFR and serum creatinine 




0-7 (2 + 2) 


Abbreviations: BMI = body mass index; BSA 


= body surface area; CG = Cockcroft- 


Gault; CKD-EPI = chronic kidney disease 


epidemiology 


collaboration; eGFR = 


estimated glomerular filtration rate; MDRD: 


= modification of diet in renal disease; 


rGFR = radionuclide glomerular filtration rate. Data are 


presented as ranges or 


percentage. 






Table 3 Ethnicity of patients in study, data obtained from the hospital 


electronic patient record system (patients classify their own ethnicity) 


Ethnicity 




% Of patients 


White British 




47.6 


White 




5.1 


White Irish 




3.5 


Indian 




1.3 


Black Caribbean 




4.8 


Black African 




2.2 


Bangladeshi 




0.3 


Pakistani 




0.5 


Mixed White + Black Caribbean 




0.5 


Mixed ethnic group 




0.3 


Any other Black background 




0.3 


Any other ethnic group 




0.5 


Any other White background 




4.0 


Asian other 




2.7 


Other 




0.8 


Patient unwilling to disclose 




0.8 


Unknown 




2.2 



were 5-128 ml min -1 per 1.73 m 2 . Full study demographics and 
clinical data can be found in Table 2. 

The gender and ethnicity of the patients were obtained from 
hospital records. The ethnicity term in the estimation equations 
was used for black patients (9% of studies) as stated (Levey et al, 
1999, 2009; Stevens et al, 2010) (Table 3). 

Comparison of MDRD, CKD-EPI and CG eGFR with rGFR 

All eGFR equations showed significant correlation with the rGFR 
(MDRD: £ 2 = 0.57, P< 0.0001; CKD-EPI: £ 2 = 0.59, P< 0.0001; CG: 
£ 2 = 0.52, P< 0.0001) (Figure 1). Bland- Altman plots of the eGFR 
data vs the rGFR are shown (Figure 2), none of the biases 
calculated were significant (Table 4). Precisions of 15.3 ml min -1 
per 1.73 m 2 (MDRD), 14.6 ml min -1 per 1.73 m 2 (CKD-EPI), and 
16.8 ml min _1 1.73 m 2 (CG) were found. The maximum differences 
in rGFR and eGFR values were 88.3 ml min -1 per 1.73 m 2 for the 
MDRD eGFR, 87.1 mlmin" 1 per 1.73m 2 for the CKD-EPI eGFR 
and — 88.0 ml min ~ 1 per 1.73 m 2 for the CG. All equations showed 
significant differences in the means from the paired f-test 
(P< 0.0001). The GFR population accuracies for the eGFR 
equations can be seen in Table 5. 



Of the 288 studies, 175 patients received carboplatin-based 
chemotherapy and 113 received non-carboplatin-based chemo- 
therapy, no significant differences were found in the mean biases 
between these two groups of patients. 

The studies were split up into groups depending on the cancer 
type: gynaecological, lung, lymphoma, upper GI, urological, 
melanoma, breast, colorectal, and anal cancer; merkel and germ 
cell tumour, leukaemia and three studies with unknown primaries. 
The four largest groups (gynaecological, lung, lymphoma and 
upper GI cancer) were examined. No differences could be seen 
between these four groups for the CKD-EPI eGFR, the MDRD 
eGFR showed a lower bias in the group with gynaecological cancer 
and the CG eGFR showed a higher bias for the lymphoma group. 

Comparison of carboplatin dosing using the different GFR 
methods 

The maximum prescribed dose with the rGFR was 790 mg - this 
was 1150, 1020 and 1120mg for the MDRD, CKD-EPI and CG, 
respectively (Table 6). The MDRD eGFR overestimated the 
carboplatin dosing in 81% of cases whereas the CKD-EPI 
overestimated in 87% of cases and the CG overestimated in 66% 
of cases. In all, 30, 35 and 26% (MDRD, CKD-EPI, CG) of cases had 
an increase in dose of more than 20%; 1, 1 and 2% (MDRD, 
CKD-EPI, CG) had a reduction in dose of more than 20%. Figure 3 
shows the Bland- Altman plots for the carboplatin dosing. Table 7 
shows the accuracy of the calculated carboplatin doses. The 
average absolute percentage error found was 18%, 19% and 15% 
for the MDRD, CKD-EPI and CG, respectively. 



DISCUSSION 

We compared the MDRD, CKD-EPI and CG eGFR equations for a 
general oncology population treated at St George's cancer centre to 
a reference standard of 51 Cr-EDTA rGFR; comparing GFR values 
and the carboplatin doses calculated from the Calvert 
equation (Calvert et al, 1989). The MDRD, CKD-EPI and CG 
estimation equations showed overestimations in GFR values, 
resulting in overestimations of carboplatin dosing, and limited 
accuracy both for the GFR value and the carboplatin dose. 

Two studies (Froissart et al, 2005; Redal-Baigorri et al, 2011) 
showed similar precision to our study for both the MDRD and the 
CKD-EPI; and the CG showed a lower precision than the MDRD as 
seen previously (De Lemos et al, 2006). However, our study found 
an overestimation in the GFR from all three of these estimation 
equations, with the CKD-EPI demonstrating no better performance 
at high GFR values as previously demonstrated (Levey et al, 2009). 
Other studies have shown both an underestimation of GFR values 
(De Lemos et al, 2006; White et al, 2010) and an overestimation 
(Kukla et al, 2010, Poge et al, 2011). Likewise, some studies 
(Froissart et al, 2005; Redal-Baigorri et al, 2011) showed better 
accuracies in the GFR values than our study whereas Poge et al 
(2011) showed similar accuracies to ours for these equations. The 
CG equation showed the smallest mean bias and higher accuracy; 
the accuracy was similar to that found by Seronie-Vivien et al 
(2006). 

In our study, no clinically significant differences in the GFR 
values were noted for patients receiving carboplatin-based 
chemotherapy regimens compared with non-carboplatin-based 
chemotherapy regimes. Also no clinically significant differences 
were noted for the four largest cancer groups in our study for the 
CKD-EPI equation. However, a difference was noted in 
the gynaecological cancer due to the all female cohort where the 
gender term in the MDRD equation causes a reduction in the GFR 
value. A higher bias was noted for lymphoma patients for the CG 
eGFR equation, this is thought to be the lower age range in this 
group. 
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Figure I Scatter plots of rGFR plotted against (A) the eGFR calculated from the MDRD equation, (B) the eGFR calculated from the CKD-EPI equation 
and (C) the eGFR calculated from the CG equation. The linear regression lines are shown as solid lines, the lines of identity are shown as dashed lines. 
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Figure 2 Bland-Altman plots of the difference of the eGFR and the rGFR against the mean of the eGFR and the rGFR. The 95% limits of agreement are 
represented by the dashed lines, the lines of bias are represented by the solid lines. These are shown for (A) the MDRD eGFR (bias 1 2.3 ml min~ ' per 
1. 73 m 2 ; 95% confidence limits - 1 7.8 : 42.3 ml min " ' per 1. 73 m 2 ), (B) the CKD-EPI eGFR (bias I 3.6 ml min"' per 1 .73 m 2 ; 95% confidence limits 
- 1 5.0 : 42.2 ml min " ' per 1 .73 m 2 ) and (C) the CG eGFR (bias 7.7 ml min ~ 1 per 1 .73 m 2 ; 95% confidence limits - 25.2 : 40.6 ml min " 1 per 1 .73 m 2 ). 
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Table 4 Absolute bias (ml min per 1 .73 m ) calculated over the entire range of studies and for various rGFR classes for the eGFR equations (P-values 
are in brackets) 

(ml min -1 per 1.73 m 2 ) 



eGFR 


Mean bias 


rGFR<30 


30<rGFR<59 


60<rGFR<89 


rGFR^90 


MDRD 


12.3 


7.0 


15.7 


12.0 


0.9 




(P = 0.4237) 


(P = 0.2263) 


(P = 0.2937) 


(P = 0.4009) 


(P = 0.9681) 


CKD-EPI 


13.6 


6.1 


17.1 


13.5 


2.2 




(P = 0.3524) 


(P = 0.3271) 


(P = 0.2627) 


(P = 0.2846) 


(P = 0.9045) 


CG 


7.7 


4.2 


1 1.0 


6.9 


-0.7 




(P = 0.6456) 


(P = 0.4778) 


(P = 0.4532) 


(P = 0.68 18) 


(P = 0.9760) 


Abbreviations: 


CG = Cockcroft-Gault; CKD-EPI 


= chronic kidney disease epidemiolo^ 


iy collaboration; MDRD 


= modification of diet in renal 


disease; rGFR = radionuclide 



glomerular filtration rate. 



Table 5 Percentage of studies with an eGFR within 1 0, 30 and 50% of the rGFR 





% Within 10% 


% Within 30% 


% Within 50% 




of rGFR 


of rGFR 


of rGFR 


MDRD 


24 


66 


87 


CKD-EPI 


19 


65 


86 


CG 


35 


75 


89 



Abbreviations: CG = Cockcroft-Gault; CKD-EPI = chronic kidney disease epidemiology collaboration; MDRD = modification of diet in renal disease; rGFR = radionuclide 
glomerular filtration rate. 



Table 6 Means and range of carboplatin doses (mg) as calculated by the rGFR, MDRD eGFR, CKD-EPI eGFR and CG eGFR 



Carboplatin doses (mg) 



rGFR (ml min 1 per 1.73 m 2 ) rGFR MDRD CKD-EPI CG 



Overall (n = 175) 


458 (230-790) 


519 (280-1 150) 


529 (270-1020) 


503 (250-1 120) 


<30 (n = 7) 


258 (230-290) 


310 (280-360) 


307 (270-360) 


295 (250-370) 


30-59 (n = 84) 


383 (270-500) 


464 (280-700) 


472 (290-700) 


445 (300-790) 


60-89 (n = 85) 


5 1 1 (350-720) 


563 (380-1 150) 


575 (380-1020) 


545 (330-1 120) 


^90 (n = 13) 


645 (550-790) 


637 (340-860) 


660 (340-830) 


667 (260-960) 



Abbreviations: CG = Cockcroft-Gault; CKD-EPI = chronic kidney disease epidemiology collaboration; eGFR = estimated glomerular filtration rate; MDRD = modification of diet 
in renal disease; rGFR = radionuclide glomerular filtration rate. Data presented as mean (range). 



Calvert et al (1989) state that 51 Cr-EDTA (or similar techniques) 
is the method of choice for the determination of GFR for 
carboplatin dose determination. The GFR value has an obvious 
effect on the carboplatin dosing and we found an overestimation 
like Shord et al (2009) for the MDRD equation whereas others 
demonstrated an underestimation of carboplatin dosing (De 
Lemos et al, 2006) for the MDRD and CG equations. The 
overestimation found was not as marked in those studies with a 
higher GFR for all equations. Previous studies differ on what is a 
clinically significant difference in carboplatin dose with some 
(Plumridge and Sewell, 2001; De Lemos et al, 2006), favouring 5% 
while some (Shord et al, 2009; Ainsworth et al, 2012) deeming this 
too low and favouring 20%. De Lemos et al (2006) found an error 
of larger than 5% in 85% of studies if a formula was used, similar 
those found in our study: 82% (MDRD), 87% (CKD-EPI) and 74% 
(CG). Ainsworth et al (2012) found dosing differences of larger 
than 20% for 32% of patients from the MDRD and 22% of patients 
from the CG equation compared with 31% (MDRD), 36% (CKD- 
EPI) and 28% (CG) for our study - with most of these being 
overestimations. The CG equation showed the greatest accuracy in 
agreement with Ainsworth et al (2012). A study of the Bland- 
Altman plots showed a high number of the outliers for the MDRD 
and CKD-EPI equations were patients where the ethnicity term in 



the equation had been used; there were no other common criteria 
in the outliers. 

The choice of reference standard used varies across the many 
different studies including 51 Cr-EDTA (Froissart et al, 2005, Redal- 
Baigorri et al, 2011; Ainsworth et al, 2012), Iohexol (Levey et al, 
2009), 125 I-Iothalamate (Levey et al, 1999, 2009), 99m Tc-DTPA 
(White et al, 2010; Poge et al, 2011), imaging (De Lemos et al, 
2006), creatinine clearance (Barry et al, 2009) and carboplatin 
clearance (Seronie- Vivien et al, 2006). Different forms of the 
MDRD equation have been used: some studies have concentrated 
on the six-variable formula (Shord et al, 2009); some have used the 
four-variable equation (De Lemos et al, 2006; Seronie-Vivien et al, 
2006; Jennings et al, 2010); and some the 4 variable equation re- 
expressed for standardised creatinine (Barry et al, 2009; Redal- 
Baigorri et al, 2011). In this study, we have used the four-variable 
standardised formula as the four-variable formula is simpler to use 
than the six-variable and has been shown to have similar accuracy 
(Levey et al, 2000). Different forms of the CG equation have also 
been used (De Lemos et al, 2006). Another variable between 
studies is the method with which to measure the serum creatinine 
levels. The MDRD equation was updated in 2006 (Levey et al, 2006) 
for use with serum creatinine levels standardised to IDMS to allow 
for comparison between laboratories, and the CKD-EPI was 
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Figure 3 Bland-Altman plots of the difference of the carboplatin dosing against the mean of the carboplatin dosing calculated from the eGFR and the 
rGFR. The 95% limits of agreement are represented by the dashed lines, the lines of bias are represented by the solid lines. These are shown for (A) the 
MDRD eGFR (bias 6 1 .0 mg; 95% confidence limits - 92.4 : 2 1 4.4 mg), (B) the CKD-EPI eGFR (bias 70.7 mg; 95% confidence limits - 7 1 . 1 : 2 1 2.6 mg) and 
(C) the CG eGFR (bias 45. 1 mg; 95% confidence limits - I 33.6 : 223.8 mg). 



Table 7 Percentage of carboplatin doses, calculated using the eGFR, 
within 5, 10, 20, 30 and 50% of the carboplatin dose calculated using the 
rGFR 



% Within certain percentage of rGFR carboplatin dose 



eGFR 


5 


10 


20 


30 


50 


MDRD 


18 


32 


69 


86 


96 


CKD-EPI 


13 


25 


64 


82 


95 


CG 


26 


43 


72 


86 


97 



Abbreviations: CG = Cockcroft-Gault; CKD-EPI = chronic kidney disease epidemiol- 
ogy collaboration; eGFR = estimated glomerular filtration rate; MDRD = modification 
of diet in renal disease; rGFR = radionuclide glomerular filtration rate. 

developed using values calibrated to IDMS; all of our serum 
creatinine values are standardised to IDMS. The standardised 
serum creatinine values are known to underestimate serum 
creatinine at lower levels compared with older methods, and 
capping of doses for low serum creatinine values is recommended 
(Food and Drug Administration, 2012). Other studies (Dooley 
et al, 2004; Kaag and Steins, 2011) examining low creatinine values 
recommend rounding up low serum creatinine values for use in 
estimation equations. A brief look at serum creatinine values below 
60 fimol 1 ~ 1 in our initial patient group gave abnormally high 
results; these were higher for the MDRD equation than the CKD- 
EPI equation which takes into account the serum creatinine levels 
within the terms of the equation. Glomerular filtration rate values 
of up to 875mlmin _1 per 1.73 m 2 were calculated by the MDRD 
equation translating into carboplatin doses of 4060 mg. Doses of 
such magnitude would only be used in oncology patients treated 



with curative intent and followed by a stem cell autograft to allow 
recovery of the bone marrow (Rick et al, 2001; De Giorgi et al, 
2003). When comparing the MDRD equation with the creatinine 
clearance calculated, Barry et al (2009) found large differences in 
the GFR and the calculated carboplatin dosage at low serum 
creatinine values. The MDRD equation was based on a patient 
population with CKD and this makes its usage outside this patient 
population questionable. 

When the MDRD equation was developed (Levey et al, 1999), 
88% of the patients were identified as ethnically white with under 
representation of ethnic minorities being a clear limitation. In our 
study, the patient population is ethnically much more diverse and 
this may well be a source of potential error. Another source of 
potential error is that serum creatinine measurements are not 
reliable in certain clinical situations including acute renal failure, 
pregnancy, oedematous states, muscle-wasting disease states, 
amputees and malnourished patients (National Collaborating 
Centre for Chronic Conditions, 2008), and these could not all be 
confidently excluded from our study. 

In conclusion, we have shown that both the MDRD and the 
CKD-EPI estimation equations performed poorly compared with 
the reference standard rGFR using 51 Cr-EDTA in a heterogeneous 
oncology patient population that is also ethnically diverse. We 
have also shown that both equations are poor across the range of 
common cancer types and less common cancer types treated with 
carboplatin-based or non-carboplatin-based chemotherapy regi- 
mens. The large inaccuracies seen in carboplatin dosing by the use 
of eGFR values lead us to recommend that an exogenous filtration 
marker, such as rGFR, should be used for accurate carboplatin 
chemotherapy dose calculation, however, if no rGFR is available 
then the use of the CG equation is preferred. 
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